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TRIAZINE LIBRARY WITH LINKERS 
Field of the Invention 

[0001] The present invention relates to triazine linkers 
which can be used as universal small molecule chips for . 
functional proteomics and sensors* 
Background of the Invention 

[0002] The Human Genome Project provided a huge amount of 
sequence data for dozens of thousands of genes. Elucidating 
the function of each gene (so-called functional genomics) is 
the next step in the challenge of understanding human 
genetics 1 . Conventionally, geneticists have investigated the 
function of unknown genes by comparing normal phenotypes with 
knock-out or over-expression of the target gene, based on the 
assumption that the phenotypic difference is closely related 
to the function of the target gene. Recent developments in 
RNAi 2 and antisense techniques 3 have make it possible to 
temporarily turn off given gene expression by targeting mRNA 
rather than the DNA genome itself. 

[0003] A novel approach using chemical library screening to 
find an interesting phenotypic change by targeting specific 
gene products, that is, proteins, has emerged as an 
alternative tactic; this is called chemical genetics 4 . In 
chemical genetics, one chemical compound may specifically 
inhibit or activate one target protein (for purposes of 
illustration, called "protein A") . Thus, the compound is 
equivalent to the gene knock-out or over-expression of the 
corresponding gene A, as in conventional genetics. 
[0004] Combinatorial library techniques 5 facilitate the 
synthesis of many molecules. These techniques can be combined 
with high throughput screening (HTS) to screen many compounds 
to discover a novel, small molecule in the first step of 
chemical genetics study. Once one finds an intriguing small 
molecule, here referred to as "molecule A", that induces a 
novel phenotype in cells or in an embryonic system, the next 
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step is to identify the target protein and the biochemical 
pathways involved. An affinity matrix on bead or a tagged 
molecule (photoaf f inity, chemical affinity, biotin or 
fluorescence) obtained by modifying molecule A, is commonly 
used for identifying the target protein. The target can be 
fished out by binding affinity of the proteins to the 
immobilized molecule, followed by separation on gel and 
sequencing by tandem mass spectrometry (MS-MS) technique. As 
the affinity matrix isolation usually gives multiple proteins, 
including non-specific binders, it is best to compare the gel 
results with those of control matrices side by side. 
Desirable control matrices will be obtained from structurally 
similar, molecules to molecule A which are inactive. The 
proteins that bind only to the active affinity matrix, without 
binding to the control matrices, are promising target 
candidates. The candidate proteins are then purified and 
screened in vitro with molecule A to confirm that the isolated 
protein is truly protein A. 

[0005] As a whole, successful chemical genetics work will 
identify a novel gene product (i.e., protein A), and its on or 
off switch, small molecule pairs. By analyzing the phenotype 
change, the function of protein A, which is the expression 
product of gene A, will be discerned. At the same time, the 
identified small molecule key, molecule A, is a useful 
biochemical tool to regulate the pathway of protein A, and may 
be a promising drug candidate as well. 

[0006] Unfortunately, the current approach of chemical 
genetics intrinsically contains a very difficult step, that of 
modifying molecule A into an affinity molecule. In order to 
add a linker to molecule A without adversely affecting its 
activity, a thorough structure-activity relationship (SAR) 
study of molecule A is required to find a proper site for 
linker addition. This site is probably a site of molecule A 
exposed to the solvent direction from a binding pocket in 
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protein A. This procedure is, in many cases, extremely 
cumbersome, and sometimes is even completely impossible. 
Summary of Invention 

[0007] It is an object of the present invention to overcome 

the aforesaid deficiencies in the prior art. 

[0008] It is another object of the present invention to 

provide an improved method for chemical genetics. 

[0009] It is a further object of the present invention to 

synthesize linker libraries by combinatorial methods for 

screening in phenotypic assays. 

[0010] The present invention comprises a method for 
chemical genetics using library molecules carrying a linker 
(LL: library with linker) from the first step of the 
procedure. In this method, LL is synthesized by combinatorial 
methods and screened in phenotypic assays. The selected 
active compounds are directly linked to resin beads or to a 
tagging moiety without further SAR study using the already 
existing linker. Eliminating the requirement for . structure- 
activity relationship determination dramatically accelerates 
the connection of function screening to the affinity matrix 
step. This reduces the assay time from months to days, making 
the chemical genetics approach much more practical and 
powerful than it has been heretofore. 
Brief Description of Drawings 

[0011] Figure 1 shows examples of triazine-linker 
compounds . 

[0012] Figure 2 shows a conventional synthetic pathway of 
triazine library by solution chemistry. 

[0013] Figure 3 shows an orthogonal solid phase synthesis 
pathway for the triazine library with linker according to the 
present invention. 

[0014] Figure 4 illustrates synthesis of building blocks 
according to the present invention. 
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[0015] Figure 5 shows syntheses of triazine compound with 
linker. 

[0016] Figure 6 illustrates agarose bead synthesis of the 
triazine derivatives of the present invention. 
Detailed Description of the Invention 

[0017] Triazine is used as the linker library scaffold. 
Triazines are used because they are structurally similar to 
purine and pyrimidine, and they have demonstrated their 
biological potentials in many applications. In particular, 
triazines have many drug-like properties, including molecular 
weight of less than 500, cLogP of less than 5, etc. As the 
triazine scaffold has three-fold symmetry, the modification is 
also highly flexible and able to generate diversity. 
Furthermore, the startng material, triazine trichloride, and 
all of the required building blocks, which are amines, are 
relatively inexpensive. Because if its ease of manipulation 
and the low price of the starting material, triazine has 
elicited much interest as an ideal scaffold for a 
combinatorial library, resulting in several triazine libraries 
having been published in the literature 7 . However, all of the 
reported library synthesis procedures, both for solid and 
solution phase chemistry, are based on sequential aminations 
using the reactivity differences of the three reaction sites. 
This is shown in Figure 2, the conventional synthetic pathway 
of a triazine library by solution chemistry. 
[0018] In this conventional method, the first substitution 
occurs at low temperatures while the second and third 
reactions require subsequently higher temperatures. This 
stepwise amination approach, however, is difficult to 
generalize for nucleophiles having differing reactivities. 
Thus, they may generate many byproducts together with the 
desired product. 

[0019] The present invention solves the problem of 
byproducts using a straightforward synthetic pathway that can 
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be used for the general preparation of a trisubstituted 
triazine library. The process of the present invention does 
not use selective amination, which requires careful monitoring 
of the reaction and purification steps. Instead, the present 
process uses three different kinds of building blocks to 
construct the library. The first amine (linker) is loaded 
onto an acid-labile aldehyde resin substrate such as by 
reductive amination mono- or di-methoxybenzaldehyde resins. 
The second amine is then added to cyanuric chloride to form a 
building bock with the dichlorotriazine core structure. These 
two building blocks are then combined by amination of the 
first building block onto one of the chloride positions of the 
second building block. Any sequential over-amination on the 
other chloride position is efficiently suppressed by physical 
segregation from any other amine available on the solid 
support. The third building block, which can be a primary or 
secondary amine, then reacts with the last chloride position 
to produce the trisubstituted triazine. Since all reactions 
are orthogonal to each other, no further purification is 
required after cleavage of the final compound, as shown in 
Figure 3. Using this established synthetic scheme, a linker 
was introduced in the trisubstituted triazine library to 
synthesize thousands of library linker compounds in amounts of 
about 1-2 mg. 

Syntheses of building blocks 

[0020] To a solution of 100 mg (0.543 ramole) cyanuric 
chloride, purchased from A cross Chemical Company, USA, and 
0.05 ml DIEA, purchased from Aldrich Chemical Company, USA, in 
5 ml anhydrous THF, purchased from Aldrich Chemical Company, 
USA, was added each amine or alcohol reagent (0.652 mmol, or 
1.2 eq) at 0°C. The reaction mixture was stirred for 30 
minutes at 0°C. After TLC checking, the reaction mixture was 
filtered and the solvent removed in vacuo. The compounds were 
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purified by column chromatography. Each compound was 
identified by LOMS (Agilent 1100 model) . This scheme is 
shown in Figure 4, and the identification of the building 
blocks is shown in Table 1. 

Table 1. Identification of Building Blocks (Al-Yl) 

The products were identified LC-MS (Agilent 1100 model) 



Comp. 
ID 


Mass 
(m+1) 


Comp. 
ID 


Mass 
(m+1) 


Comp. 
ID 


Mass 
(m+1) 


Al 


235 


Jl 


289 


SI 


285 


Bl 


205 


Kl 


221 


Tl 


242 


CI 


219 


LI 


269 


Ul 


206 


Dl 


359 


Ml 


255 


VI 


208 


El 


299 


Nl 


256 


Wl 


332 


Fl 


207 


01 


249 


XI 


222 


Gl 


273 


PI 


315 


Yl 


180 


HI 


235 


Ql 


241 






11 


233 


Rl 


291 







Syntheses of triazine library with linker 
[0021] To a solution of 1.0 g (1.1 mmole) PAL^-aldehyde 
resin, purchased from Midwest Bio-Tech, USA, was added 1.5 g 
(3.5 mmole) of Boc-linker (2- [2-amino-ethoxy-ethoxyethyl] - 
carbamic tert-butyl ester) in 50 ml anhydrous THF containing 
10 ml of acetic acid at room temperature. The reaction 
mixture was stirred for one minute at room temperature and 
then 1.63 g (7. 7. mmole, 7 eq) sodium triacetoxyborohydride was 
added. The reaction mixture was stirred for twelve hours and 
filtered. The resin was washed three times with DMF, three 
times with dichlorome thane, three times with methanol, and 
three times with dichloromethane . 
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[0022] The next step was performed by general solid phase 
synthesis. To a solution of 1.0 g resin and 1 ml DIEA in 50 
ml anhydrous THF at room temperature, amino-mono-substituted 
triazine compounds of a mono-alkoxy-substituted triazine (4 
eq) was added. The reaction mixture was stirred for two hours 
at 60°C and filtered. The resin was washed three times with 
DMF, three times with dichloromethane, three times with 
methanol, and three times with dichloromethane. 
[0023] The final coupling step was performed by general 
solid phase synthesis. To the resin (10 mg) and 0.1 ml DIEA 
in 0.7 ml NMP was added 4 eq of each amine. The reaction 
mixture was stirred for two hours at 120°C and filtered. The 
resin was washed three times with DMF, three times with 
dichloromethane, three times with methanol, and three times 
with dichloromethane. Resin cleavage was conducted using 10% 
trifluoroacetic acid in dichloromethane for 30 minutes at room 
temperature, after which the resin was washed with 
dichloromethane. The products were identified using LC-MS 
( (Agilent 1100 model) . 

[0024] Figure 5 illustrates syntheses of triazine compounds 
with linker. In this Figure, the reagents are: 

a. 2~[2-amino-ethoxy-ethoxymethyl]-carbamic tert-butyl 
ester, 2% acetic acid in DMF, room temperature, one hour 

b. sodium triacetoxyborobutyride, room temperature, for 
twelve hours 

c . 2, 4-dichloro-6-morpholine-4-yl- [1, 3, 5] -triazine, 
DIEA, at 60 °C for two hours 

d. cyclopentylamine or benzylamine, DIEA,, at 120°C for 
two hours 

e. 10% trifluoroacetic acid in dichloromethane for 30 
minutes 
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[0025] Figure 1 illustrates examples of triazine-linker 
compounds. These examples are for purposes of illustration 
only, and are not intended to be limiting of the invention. 
[0026] Table 2 illustrates compounds synthesized by the 
method of the present invention which were identified by LC-MS 
(Agilent 1100 model) . 
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Table 2. Identification of Synthesized Compounds (with LC-MS) . 



The products were identified LC-MS (Agilent 1100 model) . 
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[0027] Table 3 illustrates structures of R x groups in the 
triazine compounds produced according to the present 
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invention. These structures are for purposes of illustration 
only, and not for limitation. 
Table 3. Structures of Ri Group. 
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Table 3. Structures of R 2 Group. 
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[0028] Generally, Ri may be a Ci-n alcohol or amino group , 
a Ci-i4 alkyl group, phenyl substituted with at least one of F, 
Cl, methoxy, ethoxy, trif luoromethyl, or Ci-6 alkyl; or benzyl 
substituted with at least one of F, Cl, methoxy, ethoxy, 
trif luoromethyl, or Ci_ 6 alkyl. R 2 may be a Ci-n amino group , 
a Ci-i4 alkyl group, phenyl substituted with at least one of F, 
Cl, methoxy, ethoxy, trif luoromethyl, or Ci-e alkyl; or benzyl 
substituted with at least one of F, Cl, methoxy, ethoxy, 
trif luoromethyl, or Ci- 6 alkyl. 
Agarose bead synthesis 

[0029] In a 1 ml syringe cartridge (Ppcartridge with 20 m 
PE frit), 1 ml of Reacti-Gel 6X in acetone (purchased from 
Pierce), 10 ml of crosslinked agarose, 45-165 mm, >50 mmole/ml 
gel was added and 2 mL x 1 0.1 M K 2 C0 3 Reacti-Gel 6X in a 3 mL 
syringe cartridge was suspended with 1 mL of 0.1 M K 2 C0 3 . To 
this was added 100 mL (50 mM) in DMSO) triazine-linker 
compound with amine. The coupling buffer was removed and Tris 
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buffer was added to block any excess reactive groups. The 
reaction mixture was washed twice with 10 mL H 2 0 and twice with 
10 mL PBS. 

Application of Triazine Linker Library and Affinity Matrices 
[0030] The triazine linker library molecules can be used in 
a variety of phenotypic assays to find interesting small 
molecules and their binding proteins in an expeditious way. 
These assays include Zebrafish embryo development, 
morphological changes in S-pombi, membrane potential sensing 
in cell systems, phenotypic screening in C-elenas, muscle 
regeneration in newt, tumorigenesis in brain cells, apoptosis 
and differentiation of cancer cells, cell migration and anti- 
angiogenesis . The active compounds are classified depending 
upon their ability to induce unique morphological changes, and 
these are then used for affinity matrix work. 
[0031] Selected linker library molecules are loaded onto 
activated agarose beads via their amino-end linkers as 
described above. These affinity matrix beads are incubated 
with cell or tissue extract, and found proteins run on gel. 
The found proteins are analyzed using MS-MS sequencing after 
in-gel digestion to give the peptide sequences of the target 
protein. 

[0032] The linker library molecules can be used for making 
a high density small molecule chip. Thousands of linker 
library molecules are immobilized on a glass slide by a 
spotting method, which can add hundreds to thousands or 
molecules to a slide. The amino end of the linker is 
connected to an activated functional group on the slide, such 
as isocyanate, isothiocyanate, or acyl imidazole. Fluorescent 
labeled proteins with different dyes are incubated with the 
slide. A scanner analyzes the color to give the absolute and 
relative binding affinity of different proteins on each 
compound. For example, no color means there is no activity 
with any kind of proteins. A strong mixed color means that 
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the compounds are non-specifically active with multiple 
proteins. Exclusively stained compounds, with a singe color, 
indicate a selective bind of the relevant protein. Using this 
technique, thousands of small molecules can be tested in a 
shot time using a small amount of protein. In this approach, 
limited numbers of purified proteins compete with each other 
in the presence of multiple small molecules. This approach is 
analogous to DNA microarray technology, which has been 
important in advances in functional genomics. Although there 
have been some reports of protein chips 8, at yet no small 
molecule library chip has been demonstrated. Therefore, the 
small molecule chips of the present invention will offer 
totally new techniques in the field of chemical genetics, 
which will expand the study of the entire genome. 
[0033] Thus the present invention dramatically accelerates 
chemical genetics techniques by connecting phenotypic assay 
and affinity matrix work without any delay, rather than 
requiring months to year of SAR work. This powerful technique 
will revolutionize the study of the genome and will open a new 
field of chemical proteomics. Combining the binding protein 
data with a phenotype index will serve as a general reference 
of chemical knock-out. The present invention makes it 
possible to identify novel protein targets for drug 
development as well as drug candidates. 
[0034] The foregoing description of the specific 
embodiments will so fully reveal the general nature of the 
invention that others can, by applying current knowledge, 
readily modify and/or adapt for various applications such 
specific embodiments without departing from the generic 
concept, and, therefore, such adaptions and modifications 
should and are intended to be comprehended within the meaning 
and range of equivalents of the disclosed embodiments. It is 
to be understood that the phraseology or terminology employed 
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herein is for the purpose of description and not of 
limitation. 
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WHAT IS CLAIMED IS: 

1. A trisubstituted triazine library. 

2. A method for preparing a trisubstituted triazine 
library comprising: 

a. making a first building block by adding a first 
amine by reductive amination of triazine; 

b. making a second building block by adding a 
second amine to cyanuric chloride; 

c. combining said first building block with said 
second building block by aminating the first building block 
onto one of the chloride positions of the second building 
block; 

d. reacting a third building block with the 
combined first and second building blocks to produce a 
trisubstituted triazine. 

3. The process according to claim 2 wherein the 
first amine is selected from the group consisting of amines 
substituted with at least one of a Ci-k alcohol or amino group, 
a Ci-14 alkyl group, phenyl substituted with at least one of F, 
CI, methoxy, ethoxy, trif luoromethyl, and Ci- 6 alkyl; and 
benzyl substituted with at least one of F, CI, methoxy, 
ethoxy, trif luoromethyl, and Ci- 6 alkyl; and the second amine 
is substituted with at least one of a Ci-n amino group , a Ci. i4 
alkyl group, phenyl substituted with at least one of F, CI, 
methoxy, ethoxy, trif luoromethyl, and Ql- 6 alkyl; and benzyl 
substituted with at least one of F, CI, methoxy, ethoxy, 

trif luoromethyl, and Ci-e alkyl. 

4. The process according to claim 2 wherein the 
first building block is selected from compounds of the 
formula: 
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wherein Ri is selected from the group consisting of 
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5. A process for synthesizing a triazine library 
with linker comprising reacting a trisubstituted triazine 
according to claim 1 with a linker. 

. 6. The process according to claim 5 wherein the 
linker is 2- [2-amino-ethoxy-ethyoxyethyl] carbamic tert-butyl 
ester. 



trisubstituted triazine bonded to a linker. 

8. The compounds according to claim 7 selected from 
compounds of the following formula: 



7. 



Triazine-linker compounds comprising a 
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wherein Rj is selected from the group consisting of 
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wherein R 2 is selected from the group consisting of 
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9. Affinity matrix beads comprising a triazine 
linker compound according to claim 7 loaded onto activated 
beads . 

10. The affinity matrix beads according to claim 9 
wherein the beads are agarose. 

11. A high density small molecule chip comprising 
a surface onto which are linked triazine linker compounds 
according to claim 7. « 

12.. The high density small molecule chip according 
to claim 11 wherein the surface is a glass slide. 

13. The high density small molecule chip according 
to claim 11 wherein the amino end of the linker is connected 
to an activated functional group on the surface. 

14. The high density small molecule chip according 
to claim 13 wherein the activated functional group is selected 
from the group consisting of isocyanate, isothiocyanate, and 
acyl imidazole. 



15. A method for determining the binding affinity 
of proteins to a plurality of molecules comprising incubating 
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a high density small molecule chip according to claim 11 with 
a plurality of labeled proteins, and analyzing the labels to 
determine which molecule have affinity for which proteins. 

16. The method according to claim 15 wherein the 
label is a florescent label. 
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FIGURE 1 
Examples of triazine-linker compounds 
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Conventional synthetic pathway of trfarioe library by solution chemistry 
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Orthogonal solid phase synthesis pathway for no»el triazine Library with Linker 



FIGURE 3 
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Reagents: (a) each amines, 30 min, 0 °C. 



FIGURE 4 
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Reagents: (a) 2-[2-amino-ethoxy-ethoxymethyl]-caibaraic ferr-butyl ester, 2 % acetic acid in 
DMF, rt, lhr. (b) Sodium triacetoxyborohydride, rt, 12 hr. (c) 2,4-Dichloro-6-raorpao[ine-4-yl- 
[l,3,5]triazine, DIEA, 60 °Q 2 hr. (d) Cyclopentylaraine or benzylamine, DIEA, 120 "C^S-hr. (e) 
10% Trifluoroacetic acid in dichloromethane, 30 min. 



FIGURE 5 
Syntheses of triazine compound with linker. 
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FIGURE 6 



